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Abstract 
 The present thesis documents and revises the systematics and biostratigraphy of the 
Perisphinctoidea (Ammonoidea) faunas across the Tithonian/Berriasian boundary from three 
basinal sections (i.e. Charens, Le Chouet and Les Combes) of eastern Drôme (South East 
France). Emphasis is laid on the specific diagnosis, ontogeny and dimorphism of new and 
little-studied Himalayitidae Micracanthoceras, Protacanthodiscus, Boughdiriella, 
Pratumidiscus, Ardesciella, Chapericeras and Praedalmasiceras, Neocomitidae 
Pseudargentiniceras, Busnardoiceras, Berriasella, Elenaella, Delphinella, Pseudoneocomites 
and Strambergella as well as the Olcostephanidae Proniceras. New data is provided on the 
systematic and age of the Neocomitidae Pseudosubplanites, Hegaratella and Retowskiceras. 
The distribution of these key biochronological genera is plotted next to accurate litho-logs and 
compared to the calpionellid zonation documented in the three sections. This provides the 
sound basis for a refined zonal scheme. The base of the upper Tithonian is fixed at the First 
Appearance Datum (FAD) of M. microcanthum that falls within the upper part of the tintinnid 
Chitinoidella Zone. The revision of the “Mediterranean Durangites” supports the rejection of 
a Durangites spp. Zone as part of the standard zonation for the upper Tithonian, and its 
replacement by the P. andreaei Zone. The lower boundary of the zone is fixed at the FAD of 
Protacanthodiscus andreaei that falls within the lower part of the calpionellid C. intermedia 
Subzone of the Crassicollaria Zone. Both zones are workable at the scale of the Mediterran-
Caucasian Subrealm. The Elenaella cularense biohorizon that typifies the base of the 
Berriasella jacobi Zone auctorum is documented for the first time in South East France and 
occurs in the uppermost part of the calpionellid C. intermedia Subzone of the Crassicollaria 
Zone. This occurrence confirms the diachronism between the base of the B. jacobi Zone 
auctorum and those of the Calpionella Zone previously documented in southern Spain. This 
diachronism strongly alters the current definition of the Tithonian/Berriasian boundary. Re-
examination of the type specimens of Berriasella jacobi supplemented by newly collected 
material show that this taxon should be transferred to the genus Strambergella. Preliminary 
integrated data on the stratigraphic distribution of Strambergella jacobi questions its value as 
an index species for the base of the Berriasian. No major faunal turnover is documented 
across the Tithonian/Berriasian boundary and the provincialism of Mediterran-Caucasian 
Perisphinctoidea is much higher than it was previously assumed in the literature. As a result, 
no ammonite species can be considered as consistent candidate for a primary boundary 
marker for the base of the Berriasian. 
Kurzfassung 
 Die vorliegende Arbeit dokumentiert und revidiert die Systematik und Biostratigraphie 
der Perisphinctoidea (Ammonoidea) über die Tithon/Berrias-Grenze in drei Profilen (d. h. 
Charens, Le Chouet und Les Combes) in Ost-Drôme (Südostfrankreich). Der Schwerpunkt 
liegt auf der Artbestimmung, der Ontogenese, Variation und dem Dimorphismus der neuen, 
wenig bekannten Himalayitidae Micracanthoceras, Protacanthodiscus, Boughdiriella, 
Pratumidiscus, Ardesciella, Chapericeras und Praedalmasiceras, sowie der Neocomitidae 
Pseudargentiniceras, Busnardoiceras, Berriasella, Elenaella, Delphinella, Pseudoneocomites 
und Strambergella. Die vertikalen Reichweiten der Vertreter dieser Gattungen werden genau 
gegen akkurate lithostratigraphische Profile aufgetragen, sowie die der Neocomitidae 
Pseudosubplanites, Hegaratella und Retowskiceras. Die jeweilige Verteilung dieser 
biostratigraphischen Schlüsselgattungen wird mit der Calpionellidenzonierung verglichen, die 
in den drei Profilen dokumentiert wird und die eine solide Basis für eine verfeinerte 
Zonierung bietet. Die Basis des Obertithon ist festgelegt durch das Erstauftreten von M. 
microcanthum, das in den oberen Teil der Chitinoidella-Tintinniden-Zone fällt. Die Revision 
der “mediterranen Durangites” unterstreicht die Aufgabe der Durangites-spp.-Zone als Teil 
der Standardzonierung im Obertithon und ihren Ersatz durch die Andreaei-Zone. Die 
Untergrenze dieser Zone ist durch das Erstauftreten von Protacanthodiscus andreaei 
festgelegt, das im Unterteil der C.-intermedia-Calpionelliden-Subzone der Crassicollaria-
Zone liegt. Beide Zonen sind im Bereich des Mediterran-kaukasischen Unterreiches 
praktikabel. Der Elenaella-cularense-Biohorizont, der die Basis der Berriasella jacobi-Zone 
auctorum repräsentiert, wird zum ersten Mal in Südfrankreich dokumentiert und tritt im 
obersten Teil der C.-intermedia-Calpionelliden-Subzone der Crassicollaria-Zone auf. Dieses 
Auftreten bestätigt den Diachronismus zwischen der Basis der B. jacobi-Zone auctorum und 
der Calpionella-Zone, die zuvor in Südspanien dokumentiert wurde. Dieser Diachronismus 
verändert deutlich die aktuelle Definition der Tithon-Berrias-Grenze. Die Neuuntersuchung 
der Typusexemplare von Berriasella jacobi, die von neugesammeltem Material ergänzt wird, 
zeigt, dass dieses Taxon in die Gattung Strambergella gestellt werden sollte. Vorläufige 
ganzheitliche Daten zur stratigraphischen Verbreitung von Strambergella jacobi stellen ihren 
Wert als Indexart für die Basis des Tithon in Frage. Über die Tithon/Berrias-Grenze hinweg 
ist kein größerer Faunenumschwung dokumentiert, und der Provinzialismus der mediterran-
kaukasischen Perisphinctoidea ist viel ausgeprägter als zuvor in der Literatur angenommen. 
Als Ergebnis kann keine Ammonitenart als passender Kandidat als primärer Grenzmarker für 
die Basis des Berrias betrachtet werden. 
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Chapter 1 - Introduction
The ammonite faunas across the Jurassic/Cretaceous (J/K) boundary undoubtedly exhibit one 
of the most pronounced cases of provincialism in the Mesozoic (Cecca, 1999; Cecca et al., 
2005). At that time, faunal endemism reached its maximum due to the complete seperation of 
the Boreal and Tethyan realms, as well as inside the Tethyan Realm where a Mediterranean-
Caucasian and an Indo-Pacific subrealms have been recognized by Westermann (2000a-b). This 
provincialism has for generations prevented substantial progress with long-range correlation 
(Wimbledon, 2008), and strongly influenced the nationalistic use of regional stage names (e.g. 
Danubian, Ardescian, Bolonian for the Tethyan Realm; Portlandian, Volgian, Ryazanian for 
the Boreal Realm) even after the ratification of the Tithonian and Berriasian as Primary 
Standard Stages of the Upper Jurassic and Lower Cretaceous, respectively (Cope, 2008, 2013; 
Wimbledon, 2008; Wimbledon et al., 2011). This explains why the base of the Cretaceous is 
the last system boundary which is not yet defined formally in a Global Boundary Stratotype 
Section and Point (Wimbledon et al., 2011).  
It should be kept in mind that the base of the Cretaceous is inextricably linked to the 
Tithonian/Berriasian (T/B) boundary (Wiedmann, 1973; Remane et al., 1986; Zakharov et al., 
1996; Wimbledon et al., 2011), but it has been an intractable problem, despite some 40 years 
of debate within successive working groups dedicated to this issue (Zakharov et al., 1996). 
Nevertheless, the original conception of the Berriasian by Coquand (1869, 1875) at the locality 
of Berrias-et-Casteljau (Ardèche, South East France) was entirely ammonite-based, and the 
ammonite biostratigraphy of Mediterrean-Caucasian settings still has much to contribute to the 
definition of the J/K boundary.  
 
1.1. The Mediterranean-Caucasian ammonite record across the T/B 
boundary 
The knowledge of the Mediterran-Caucasian ammonites across the T/B boundary is substantial, 
and mostly concerns the super-family Perisphinctoidea Steinmann in Steinmann & Döderlein, 
1890 that is represented by six families, e.g. Aspidoceratidae Zittel, 1895, Ataxioceratidae 
Buckman, 1921, Simoceratidae Spath, 1924, Himalayitidae Spath, 1925, Neocomitidae Salfeld, 
1921 and Olcostephanidae Haug, 1910 reported from, at least, fifteen major regions (Tab.1). 
 
 
Table 1. Main references of T/B boundary ammonites from the Mediterran-Caucasian 
Subrealm. 
 
Despite the tremendous quantity of fossil material illustrated and/or listed by those authors, a 
critical review of the dataset shows that the picture one can discerned of the evolution of the 
Perisphinctoidea from the base of the upper Tithonian to the upper Berriasian is far from 
complete clarity. Even if most publications have concentrated on the Himalayitidae and 
Neocomitidae their systematic are still full of varying interpretations. This is linked to diverging 
concepts between authors, but also to preservation problems (e.g. pyritic nuclei from Tunisia; 
crushed moulds from Bulgaria) which clearly affects attempts to identify and compare taxa 
(Wimbledon et al., 2011). Moreover, detailed bed-by-bed ammonite distributions plotted 
against accurate lithologic logs are not available for reference sections of Spain, Algeria and 
Bulgaria. In some other cases, stratigraphic columns lack sufficiently illustrated fossils, such as 
in Crimea where only stylised, and sometimes composite, sections have been published 
(Bakhmutov et al 2017). As a consequence, only a limited number of sections have been 
documented accurately; most of which are located in South East France, southern Spain, 
Morocco and Tunisia. Among those sections, a discontinuous palaeontological record is the 
rule. It can either be linked to reworking of sediments (a common feature in South East Spain 
and France - Tavera, 1985; Le Hégarat, 1973), scarcity of fossils (barren intervals in the 
Tunisian sections - Busnardo et al., 1976, 1985; Boughdiri et al., 1999), poor exposure of key 
intervals (Rio Argos, Spain - Hoedemaeker, 1982), and non-deposition and major hiatuses (Rif 
of Morocco - Benzaggagh & Atrops, 1997).   
 
The upper Tithonian standard ammonite zonation of Mediterran-Caucasian settings is largely 
inherited from the works of Enay & Geyssant (1975), Olóriz & Tavera (1979a-b), Tavera (1985) 
and Tavera et al. (1994) based on the Rosso Ammonitico successions of the Betic Cordillera, 
southern Spain. Enay & Geyssant (1975) never gave a formal definition of the biostratigraphic 
units they proposed (e.g. Micracanthoceras microcanthum Zone and Durangites Zone) 
contrary to the Spanish authors who clearly indicated the status of their zones (Taxon range 
zones for the Simplisphinctes and Paraulacosphinctes transitorius zones; Acme Zone for the 
Durangites Zone) (Fig. 1.1).  
 
            
 
Nevertheless, French and Spanish authors have agreed that the Himalayitidae Durangites 
Burckhardt, 1912 marks the uppermost Tithonian. This taxon is based on material from Mexico 
and its content was supplemented by Verma & Westermann (1973). Until recently, there was 
general agreement that the Durangites assemblage described by Verma & Westermann (1973) 
from the El Verde member of the La Caja Formation (Sierra Catorce, Mexico) were of late 
Figure 1.1. Comparison between 
the original ammonite zonation of 
the upper Tithonian of the Rosso 
Ammonitico succession of 
southern Spain of Enay & 
Geyssant (1975) and Tavera et al. 
(1986). 
Tithonian age (Adatte et al., 1994, 1996). However, most localities from which Durangites 
were collected are hill slopes, and therefore most of the material was collected loose (Verma & 
Westermann, 1973). A complete reappraisal on the age of Durangites in Mexico was presented 
by Olóriz et al. (1999), who found the genus to be restricted to the middle Berriasian. The 
occurrence of Durangites in Turkey, southern Spain and South East France were not reported 
until the early 1970's to  early 1980's by Enay et al. (1971), Enay & Geyssant (1975) and Olóriz 
& Tavera (1979a-b, 1981) and its understanding was based on a limited number of specimens 
illustrated by Tavera (1985), Boughdiri (1994) and Enay et al. (1998a). Most of specimens 
come from the uppermost Tithonian of South East Spain (Carabuey and La Coronilla sections 
mainly) and France (Le Chouet section). Boughdiri (1994) and Enay et al. (1998a) considered 
Durangites and Protacanthodiscus Spath, 1923 as a sexual dimorphic pair; a view that was not 
supported by Tavera (1985), since no Protacanthodiscus occurs in the Mexican assemblage. As 
a consequence, the understanding of both genera, as well as their vertical range, remain unclear 
in the Mexican, Spanish and French assemblages.  
 
The Berriasian standard ammonite zonation of Mediterran-Caucasian settings is largely 
inherited from the works of Le Hégarat & Remane (1968) and Le Hégarat (1973) who published 
idealized ammonite distributions from numerous sections of South East France. Following the 
recommendation of the Colloquium at Lyon in 1973 (Flandrin et al., 1975), the first ammonite 
zone of the Berriasian corresponds to the combined Berriasella jacobi - Pseudosubplanites 
grandis Zone, herein referred as the B. jacobi Zone auctorum. The understanding of this zone 
is based on reworked ammonite assemblages from breccia deposits in Ardèche ('Brèche de 
Chomérac') and Isère ('Brèche d'Aizy'), including Berriasella jacobi Mazenot, 1939, 
Delphinella delphinense (Kilian, 1889), Elenaella cularense (Mazenot, 1939) and Proniceras 
pronum (Oppel in Zittel, 1868) with typical late Tithonian forms such as Micracanthoceras 
microcanthum (Oppel in Zittel, 1868). Most recent literature subsequently fails to document a 
continuous ammonite distribution in South East France since the T/B boundary interval is 
affected by a thick and complex carbonate breccia system (Le Hégarat, 1973; Cecca et al., 
1989a-b).  
According to Mazenot (1939), this stratigraphic gap, called 'lacune des connaissances', would 
correspond to the ammonite assemblage - including Paraulacosphinctes transitorius (Oppel in 
Zittel, 1868) - pro parte (Outer Western Carpathians of Moravia, 
Czech Republic), listed by Oppel (1865) as a reference locality for the Tithonian. However, the 
precise age of this assemblage also remains unclear, is complex, 
and has been interpreted as including base-of-slope conglomerates and slump bodies of 
Cretaceous age, and  (Picha et al., 2006). The ammonite zonation 
of the Berriasian thus evolved very little between the first meeting of Lower Cretaceous 
Cephalopod Working Group of IGCP Project 262, held in July 1990 at Digne, France 
(Hoedemaeker & Bulot, 1990; Hoedemaeker et al., 1993) and the last one that took place on 
August 2013 at Ankara, Turkey (Reboulet et al., 2014) (Fig. 1.2). Hoedemaeker & Bulot (1990) 
previously outlined that the great majority of the Le Hégarat's zones and subzones have been 
maintained, notwithstanding the fact that they are not defined by the first appearance of their 
index species  a necessity to preserve stability in stratigraphic nomenclature. 
 
 
Figure 1.2. Comparison of the ammonite standard zonation of the Berriasian between three 
Cephalopod Working Group meetings (Hoedemaeker & Bulot, 1990; Zakharov et al., 1996 and 
Reboulet et al., 2014).  
 
Finally, Le Hégarat & Remane (1968) and Le Hégarat (1973) revised the ammonite distribution 
of the historical stratotype of the Berriasian at Berrias-et-Casteljau, a 25m-thick succession of 
blue-grey micritic hemipelagic limestones that crop out as overgrown structural surfaces. A 
large number of works devoted to the microfaunas and floras, carbon/oxygen isotopes, 
sequence- and magnetostratigraphy were subsequently published on Berrias-et-Casteljau (Naud 
& Reboulet, 2008 with references), but these works used different lithological logs and three 
generations of bed-numbering were followed. Therefore, it is impossible to correlate the 
detailed log of Le Hégarat & Remane (1973) with the ones published by Le Hégarat & Remane 
(1968), Galbrun (1985), Galbrun et al. (1986) and Jan Du Chêne et al. (1993) (Fig. 1.3). In any 
case, these works showed that the historical fossiliferous section does not extend low enough 
to reach the putative base of the Berriasian (Le Hégarat, 1973; Wimbledon et al., 2011). Thus, 
the unit-stratotypical section is not suitable for the study of the T/B boundary. 
 
 
Figure 1.3. Comparison of published litho-logs of the Berrias-et-Casteljau section between Le 
Hégarat & Remane (1968, 1973), Le Hégarat (1972), Galbrun (1985), Galbrun et al. (1986) and 
Jan du Chêne et al. (1993) (modified from Wimbledon, unpublished data). 
 
In summary, the use of ammonites to define precisely the base of the Berriasian is handicapped 
by: 
 
 1 - Lack of a modern discussion of the systematics of age-diagnostic taxa; 
 2 - Scarcity of data in expanded key stratigraphic intervals, such as the base of the B. 
jacobi Zone auctorum;  
 3  Poor definition of biostratigraphic units, which prevents high-resolution correlation. 
 
 
1.2. The calpionellid solution? 
The widespread identification of calpionellids, incertæ sedis planktonic microfossils (Remane 
in Bolli et al., 1989), has afforded a parallel framework to the ammonite biostratigraphy, and 
became the dominant biostratigraphic tool where no ammonite were to be found (Wimbledon 
et al., 2011). Above early hyaline forms that characterize the Chitinoidella Zone, five successive 
calpionellid assemblages (firstly labelled A to E) were originally documented from the 
reference sections of South East France by Remane and Le Hégarat (Remane (1963), Le 
Hégarat & Remane (1968), Le Hégarat (1973) and then documented in the Tethyan Realm, 
from Mexico to the Caucasus. Following the international meetings at Rome (Allemann et al., 
1975) and Sümeg (Remane et al., 1986), the zonation was based on four calpionellids 
(Crassicollaria, Calpionella, Calpionellopsis and Calpionellites) standard zones supplemented 
by several sub-zones (Fig. 1.4). 
 
 
Figure 1.4. Synthetic stratigraphic distribution of the most significant calpionellids species 
(after Remane in Cariou & Hantzpergue, 1997). The asterisk indicates the calpionellid bio-
events on which the lower boundary of the zones and subzones are based. 
 
The base of the Calpionella Zone (i.e. C. alpina Subzone) is defined by the 'explosion' of small, 
globular Calpionella alpina Lorenz, 1902 and stands among the most widespread and consistent 
candidate for a primary boundary marker (Wimbledon, 2014; Wimbledon et al., 2011). Enay & 
Geyssant (1975) stressed that the base of the Calpionella Zone matches the boundary between 
the ammonite Durangites Zone and the B. jacobi Zone auctorum in the Rosso Ammonitico 
succession of the Betic Cordillera.  Even though, this view was not been supported by integrated 
sedimentological-biostratigraphical data from detailed litho-log, it was retained as the definition 
of the T/B boundary in the 1975 J/K boundary colloquium (Flandrin et al., 1975) and 
subsequently followed by Zeiss (1983), Cecca et al. (1989a-b), Boughdiri (1994), Blau & Grün 
(1997), Geyssant in Cariou & Hantzpergue (1997), Boughdiri et al. (2006), Benzaggagh & 
Atrops (1997) and Benzaggagh et al. (2010) (Fig. 1.5). The recent examination of a Rosso 
Ammonitico section (i.e. Puerto Escaño) from the Betic Cordillera by Tavera et al. (1994) 
showed that the base of the B. jacobi Zone auctorum is characterized by a distinctive ammonite 
assemblage, i.e. the Elenaella cularense biohorizon, that falls in the upper part of the 
Crassicolaria Zone (Fig. 1.5). Therefore, the definition of the T/B boundary was strongly altered 
and the parallel use of ammonites and calpionellids should be considered with caution. 
 
 
Figure 1.5. Comparison between integrated zonation from the works discussed in the text from 
different Mediterran-Caucasian settings. Red line indicates the T/B boundary in the sense of 
the 1975 colloquium (Flandrin et al., 1975).  
 
1.3. Recent directions and objectives
The Berriasian Working Group (BWG) of the International Union of Geological Sciences 
(IUGS) recently stated that one of its most challenging direction is to re-visit the ammonite 
faunas, re-examine the validity of taxa and their ranges and question the definition of previously 
proposed biostratigraphic units of the Tethyan Realm (Wimbledon et al., 2011). The BWG then 
also gave a compilation of primary and secondary markers under examination as potentially 
useful T/B boundary indicators in the Tethyan Realm. These include biological markers, e.g. 
macro- [ammonites] and micro- [calpionellids, nannoconnids] fossils, and their proxies, i.e. 
magnetostratigraphy (Fig. 1.6).  
 
 
Figure 1.6. Primary and secondary markers under examination as potentially useful in defining 
the J/K boundary interval in the Tethyan Realm: (1) Base of Calpionella Standard Zone (B 
Zone); (2) 'explosion' of small, globular C. alpina; (3) FAD of Nannoconus steinmanii minor 
and N. kamptneri minor: (4) Base of magnetozone M18r; (5) Base of magnetozone M19n.1n; 
(6) Base of magnetozone M19n.1r; (7) FAD of Nannoconus winteri and Cruciellipsis cuvillieri; 
(8) Base of Jacobi auctorum Zone (modified after Wimbledon et al., 2011). 
 
To achieve this, the revision of the reference sections of South East France should be undertaken 
since it is a critical area for the definition of the Tithonian and Berriasian stages by means of 
ammonites (Wimbledon, 2008). First recognition at Berrias-et-Casteljau (Ardèche, South East 
France) in 2009-2011 by members of the BWG (W.A.P. Wimbledon, L.G. Bulot) confirmed 
that the unit-stratotypical section of the Berriasian does not extend low enough to reach the 
putative base for the Berriasian. Therefore, a start has been made on examining other localities 
in southern France  Durangites Zone") to the 
lower Berriasian (B. jacobi Zone auctorum). These include the little-studied sections of Le 
Chouet, Charens and Les Combes located in eastern Drôme that were previously listed as 
crucial for the understanding of the T/B boundary (Remane, 1970; Le Hégarat, 1973; Boughdiri, 
1994; Enay et al., 1998a). These sections were sampled bed-by-bed, including macro- 
(ammonites) and microfossils (calpionellids, nannofossils) between 2012 and 2015; Le Chouet 
and Les Combes sections were sampled for magnetostratigraphy in 2011-2012. The integration 
of the results documented at Le Chouet led to the publication of a work of major interest that 
forms the litho-, bio and magnetostratigraphic core of this thesis (Appendix 1): 
 Appendix 1 - 
Halásová E., Frau C.
K.,Tchoumatchenco P., 2013 - A preliminary account of the bio- and magnetostratigraphy of 
the upper Tithonian- lower Berriasian interval at Le Chouet, Drôme (SE France). Geologica 
Carpathica 64(6): 437-460. 
 
From the ammonites collected, five papers on the systematic and biostratigraphy of the age-
diagnostic ammonite taxa were subsequently published in peer-reviewed journals (Appendix 2, 
3, 4, 5, 6).  
 Appendix 2: Bulot L.G., Frau C., Wimbledon W.A.P., 2014 - New and poorly known 
Perisphinctoidea (Ammonitina) from the Upper Tithonian of Le Chouet (Drôme, SE France). 
Volumina Jurassica, XII (1): 113-128. 
 Appendix 3: Frau C., Bulot L.G., Wimbledon W.A.P., 2015 - The late Tithonian 
Himalayitidae (Perisphinctoidea, Ammonitina) from Le Chouet (Drôme, France): systematic 
implications. Geologica Carpathica 66(2): 117-132. 
 Appendix 4: Frau C., Bulot L.G., Wimbledon W.A.P., 2016 - Systematic palaeontology 
of the Perisphinctoidea across the Jurassic-Cretaceous boundary at Le Chouet (Drôme, France) 
and its biostratigraphic implications. Acta Geologica Polonica 66(2): 157-177. 
 Appendix 5: Frau C., Bulot L.G., Reháková D., Wimbledon W.A.P., 2016 - Late 
Tithonian Himalayitidae Spath, 1925 and Neocomitidae Salfeld, 1921 from the Tithonian of 
Charens (Drôme, France). Geologica Carpathica 67(6): 543-559. 
 Appendix 6: Frau C., Bulot L.G., Reháková D., Wimbledon W.A.P., 2016 - Revision of 
the ammonite index species Berriasella jacobi Mazenot, 1939 and its consequence on the 
ammonite biostratigraphy of the Berriasian Stage. Cretaceous Research 66: 94-114. 
 
The revised systematics allowed us to discuss the palaeobiogeographic distribution of early 
Berriasian ammonites in a chapter of the book Ammonoid Paleobiology (Appendix 7).  
 Appendix 7 - Lehmann J., Ifrim C., Bulot L.G., Frau C., (2015) - Chapter II, Part 9. 
Paleobiogeography of early Cretaceous ammonites In: Klug, C., Korn, D., De Baets, K., Kruta, 
I., Mapes, R.H. (Eds.) Ammonoid Paleobiology: From macroevolution to paleobiogeography. 
Topics in Geobiology 44, Springer Netherlands, 598 pp. 
 
The principal objectives of the present thesis are: 
 - To document the vertical ranges of Perisphinctoidea in the best-developed successions 
of South East France; 
 - To provide systematic revision of the taxa that have high-stratigraphic value; 
 - To propose a revised biostratigraphic scheme; 
 - To integrate the ammonite zonation with that of the calpionellids; 
 
Additional aspects involve the palaeobiogeographic distribution of Perisphinctoidea among the 
Tethyan Realm, and their potential use as primary markers for the T/B boundary. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter 2 - Geological setting 
2.1. Generalities on the Subalpine Basin (South East France) 
According to Baudrimont & Dubois (1977) and Debrand-Passard et al. (1984), the Subalpine 
Basin (here labelled SB) of South East France appeared as a result of post-Triassic Alpine 
extension, and it deepened through the Lower Cretaceous. During the J/K boundary time 
interval, the basinal area of the SB occupied an approximately triangular area, its base extending 
across northern Provence to the Bas-Vivarais, 250 km west to east, with a prolongation 
northwards to a narrow apex that covers the subalpine ranges (Fig. 2.1).  
 
 
Figure 2.1. Location and palaeogeography of the Subalpine Basin at the Tithonian/Berriasian 
boundary (modified after Courjault, 2011). The black square corresponds to the studied area. 
The upper Kimmeridgian to lowermost Berriasian interval of the deep area corresponds to deep-
water hemipelagic deposits affected by submarine gravity reworkings (slumps, breccias) that 
leave only few autochthonous, ammonite-bearing intervals (Courjault, 2011). According to Le 
Hégarat (1973), the area between Die (Drôme) and Veynes (Hautes-Alpes) contains the best-
developed successions of the SB with attenuated reworked deposits. Extensive fieldwork on 
this area led to the re-examination of several little-studied sections: these are Le Chouet, and 
its nearby equivalent section of Charens, and Les Combes (eastern Drôme) that have yielded 
the Perisphinctoidea studied in this thesis.  
 
2.2. Description of the sections 
 2.2.1. Le Chouet  
 Localisation: The locality lies in the cliffed upper valley of the River Drôme, in pine 
forest (Long 5° °  the local road (D306) from Die to Valdrôme (Fig. 
2.2). The section comprises a low mural section, 200 m-long, along a single-track road on the 
north-west side of a precipitous gorge, the Ravin de Fournet. The section extends around the 
slope from an altitude of 928 m to a little above 1000 m and dips 10 degree to the North 
northeast. 
 Background: A detailed historical background on this section is given in Appendix 1 (p.  
438), to which the reader is referred. The microfossils (i.e. calpionellids, nannofossils) and 
magnetozones were documented by scientists of the BWG (see Appendix 1), and this provides 
a solid litho-, bio- and magnetostratigraphic scheme. 
 Lithology: The succession exposed totals 43 metres and consists of well-bedded micrite 
and biomicrite  mudstone, wackestone and packstone- limestones beds. Only the lower beds 
(beds 1 to 51) show any appreciable argillaceous partings or thin beds (Fig. 2.3a-b). Massive 
conglomerates and breccias (both clast and matrix supported) and thin intraclastic/microbreccia 
beds (beds 77 and 80, Fig. 2.4a) punctuate the sequence. These are variable in their grain sizes 
and textures: units with graded bedding (beds 52, 57, 64, Fig. 2.3b), coarse bases (beds 64, 71a-
b, Fig. 2.4b 5a) and clast-supported 
beds (bed 87, 94, 96). Topping the section, a 10 m-thick, massive or poorly bedded micrite 
 (bed 123, Fig. 2.5b). 
 Fossils and taphonomy: Ammonites, and aptychi, are numerous in micritic limestone 
beds, excepting in the lowest ten metres (bed 1 to 64). Occasional isolated bivalves and pygopid 
brachiopods have been noticed in beds 82 and 90, and belemnites are common in bed 103. The 
great majority of ammonite specimens are characterized by internal calcareous molds that rarely 
exceed 100 mm in diameter, with innermost whorls generally crushed by compaction. The 
ammonite assemblages show a high proportion of complete specimens, but peristomes are 
generally lacking.  
 
 
 Figure 2.2. Location of Le Chouet section, eastern Drôme, South East France. 
 
 


 
  2.2.2. Charens  
 Localisation: The locality is situated almost three kilometres to the west of the key-
section of Le Chouet (Drôme, France, Fig. 2.6). It lies in the cliffed upper valley of the River 
), off the local road (D93) from Die to Beaurières. It 
comprises a low mural section, 250 m-long, along a single-track road (D145) on the east side 
of the Charens gorge. The section extends around the slope from an altitude of 758 m to a little 
above 766 m and dips 10 degrees to the North. 
 Background: The Charens section was originally studied for its gravity flows by 
Remane (1970) and subsequently by Bouchette et al. (2001), Seguret et al. (2001), Courjault 
(2011) and Courjault et al. (2011). The latter authors clearly demonstrated that the sequence 
forms part of a large-scale, deep-water carbonate breccia lobe.  
A first reconnaissance of the Charens section in 2012 showed that the lower upper Tithonian 
interval is better exposed than Le Chouet and yields rich ammonite faunas. Detailed 
investigations, including study of calpionellids and calcareous nannofossils, are still ongoing 
within the framework of the BWG, and that will later be submitted to publication. For the time 
being, only the boundary between the Chitinoidella and the Crassicollaria zones is documented. 
 Lithology: The studied succession consists of 41 metres of well-bedded biomicrite - 
mudstone, wackestone and packstone - autochthonous intervals intercalated between thick, 
conglomeratic, clast- or matrix-supported breccias. The lower beds correspond to thin-bedded 
biocalcarenites (beds 5 to 17, Fig. 2.7a) that overlies conformably a thick conglomeratic breccia 
(bed 1 to 5). The succession is then characterized by a well-bedded micrite and biomicrite 
autochthonous interval (Fig. 2.7a). This interval is topped by a thick massive, clast and matrix 
supported breccia and a number of metre-scale calcarenitic beds at its base (beds 58 and 62, 
Fig. 2.7b). The biomicrite interval (beds 79 to 98, Fig. 2.8a) above the thin conglomeratic 
breccia (bed 75) can be correlated with certainty to beds 72 to 89 at Le Chouet. This is supported 
by similar ammonites occurrences and useful lithological markers such as the 
intraclastic/microbreccia bed 88 (e.g. = bed 80 of Le Chouet section) and the clast-supported 
bed 96 (= bed 87 of Le Chouet section) (Figure 2.8a-b). The studied section is ended by a 
normal fault.  
 Fossils and taphonomy: Assemblages of body fossils and taphonomic features are rather 
similar to those found at Le Chouet. A mass-occurrence of buchiid bivalves occurs in a thin 
horizon (base of bed 64).  
 
 
Figure 2.6. Location of the Charens section, eastern Drôme, South East France. 

 
 
 
 
3.2.3. Les Combes 
 Localisation: The locality (Fig. 2.9) lies in the cliffed upper valley of the Grimone 
stream, in pine forest (Long 5° °  the local road (D539) from 
Glandage to Lus-la-Croix-Haute. The locality comprises a partially overgrown section, 60 m-
long, along a single-track road on the north side of the Ravin de Font Bertrand. The section 
extends around the slope from an altitude of 1040 m to almost 1070 m and dips 10° W. 
 Background: The Les Combes section was only mentioned by Le Hégarat (1973, p. 267, 
tabl. 4) for its ammonite-rich levels from the lowermost Berriasian. He gave a stylized section 
with an underestimated thickness.  
Several campaigns on this section by members of the BWG have documented the calpionellids 
(and nannofossil) content and magnetozones. For the time being, only the preliminary results 
on the calpionellid zonation are used in the present contribution. 
 Lithology: The studied section comprises three different parts. The lower (beds -52 to -
29) is composed of stacked - mud- to wackestone - limestone beds characterized by the 
occurrence of small chert nodules. This interval overlies a thick clast-supported breccia (beds -
56 and -55). The middle part (beds -28 to 30) contains thin marly interbeds and well-bedded 
limestone beds ranging in thickness from 5 to 100 cm (beds -25, 22, 22, Fig. 2.10a). This 
interval displays an obvious thin breccia (bed -10). A part of this interval is overgrown to a 
depth of about 4 metres (Fig. 2.10b). The third part (beds 32 to 111) is more argillaceous; it is 
composed of a thick marl-limestone alternations. The upper part of this interval includes 
recessed poorly exposed outcrops (beds 83 to 92) that is more argillaceous than the rest of the 
sequence. The base of the limestone beds are sharp or burrowed, and they grade into the 
overlying marly interbeds. Structures of bioturbation of centimetric size are abundant within 
limestone beds.  
 Fossils and taphonomy: At Les Combes, ammonite are abundant and diverse except for 
the cherty-rich part in the lowest part of the sequence. Dissolution and fragmentation of shells 
are the norm and specimens are preserved as internal, calcareous moulds with discontinuous 
compaction. This results in hollow ammonites in which the sedimentary infill is restricted to 
the body chamber. Resedimented ammonite with complete peristome are only found locally. 
 
Figure 2.9. Location of Les Combes section, eastern Drôme, South East France. 
 
 
 
 
 
Chapter 3 - Results for each section
3.1. Le Chouet section 
 3.1.1. Distribution and systematics 
A preliminary ammonite distribution based on the recognition of 22 genera from Le Chouet 
was published in Wimbledon et al. (2013) (Appendix 1). The taxa belonging of to the families 
Ataxioceratidae, Himalayitidae, Neocomitidae and Olcostephanidae were subsequently 
described and the first distribution was supplemented and corrected (Appendix 2, 3 and 4). The 
bottom part of the section is poorly fossiliferous, with only fragments of the index-species 
Micracanthoceras microcanthum (Oppel in Zittel, 1868) found (Appendices 1 and 2). Above, 
Perisphinctoidea are diverse and five successive faunal assemblages were recognized 
(Appendix 4); these are from oldest to youngest (Fig. 3.1): 
 - an assemblage dominated by the Ataxioceratidae Paraulacosphinctes senoides Tavera, 
1985 and Moravisphinctes fischeri Kilian, 1889, and which is also marked by the lowest 
occurrence of the Himalayitidae Protacanthodiscus andreaei (Kilian, 1889). A limited number 
of specimens of Toucasiella gerardi Enay, Boughdiri & Le Hégarat, 1998b occur, as well as 
the doubtful Neocomitidae Pseudargentiniceras sp.; 
 - an assemblage dominated by P. andreaei together with new Himalayitidae and the 
Neocomitidae Busnardoiceras busnardoi (Le Hégarat, 1973); 
 - an assemblage dominated by the Himalayitidae Chapericeras chaperi (Pictet, 1867) 
and Praedalmasiceras spiticeroides (Djanélidzé, 1921) together with the Neocomitidae 
Elenaella cularense (Mazenot, 1939), Berriasella gr. oppeli (Kilian, 1889) - moreti Mazenot, 
1939; 
 - an assemblage dominated by Praedalmasiceras progenitor (Oppel in Zittel, 1868); 
 - an assemblage dominated by Delphinella delphinense (Kilian, 1889) and Delphinella 
consanguinea (Retowski, 1893). 
 
Sporadic occurrences of the Olcostephanidae Proniceras pronum (Oppel in Zittel, 1868) are 
reported at different levels. 
 
Figure 3.1. Vertical ranges of Perisphinctoidea from Le Chouet and integrated biostratigraphy. 
Green bar indicates the E. cularense biohorizon (modified after Appendices 1, 2, 3, 4).  
Major systematic results concern the revision of the Himalayitidae. Based on a numerically 
large sample, the ontogeny, variation and dimorphism of Protacanthodiscus andreaei have 
been studied (Appendix 3): and it has been demonstrated that the type species of the genus P. 
andreaei is dimorphic, with medium- to large-size macroconchs that develop a robust adult 
stage, as compared to the microconchs (Appendix 3, fig. 5, 6, 7). Macroconchs range between 
two extreme morphologies, with slender and robust poles, related to the first Buckman's law of 
covariation. Based on a re-examination of the type material of Durangites from Mexico 
(Appendix 3), the great majority of specimens from Mediterran-Caucasian settings that have 
been previously referred to Durangites are now interpreted as juveniles and/or microconchs of 
P. andreaei. Moreover, comparisons between specimens from France, Spain and Bulgaria 
formerly assigned to Durangites astillerensis Imlay, 1942 and the type material of this species, 
supported the introduction of Boughdiriella chouetense Frau, Bulot & Wimbledon, 2015 
(Appendix 3, fig. 4). Therefore, the occurrence of the genus Durangites in the Mediterran-
Caucasian Subrealm has to be ruled out. 
Four new himalayitid genera are introduced: 
 Ardesciella Bulot, Frau & Wimbledon, 2014 - for a group of Mediterranean ammonites 
that is homeomorphic with the Andean genus Corongoceras Spath (Appendix 2, fig. 5);  
 Pratumidiscus Bulot, Frau & Wimbledon, 2014 - for an endemic form that shows 
morphological similarities with the Boreal genus Riasanites Spath, 1925 (Appendix 2, fig. 6);  
 Chapericeras Frau, Bulot, Wimbledon, submitted (Appendix 4), based on C. chaperi 
(Pictet, 1867) - for dimorphic himalayitid-like forms with two rows of lateral tubercles 
(Appendix 4, text-fig. 2). 
 Praedalmasiceras Frau, Bulot, Wimbledon, submitted for the taxa P. spiticeroides and 
P. progenitor (Appendix 4, text-fig. 2). Study of the early ontogeny and deep modification of 
the suture line supports the contention that Praedalmasiceras and its middle Berriasian 
descendant Dalmasiceras should be excluded from the Neocomitidae, and distinguished as a 
new subfamily Dalmasiceratinae within the Himalayitidae (Appendix 4, p. 12).  
 
Regarding the Neocomitidae, their occurrence in the uppermost Tithonian is documented by 
the presence of the (reputedly Berriasian) taxa Pseudargentiniceras sp. and Busnardoiceras 
busnardoi (Le Hégarat, 1973) (Appendix 2). A new account on the content, variation and 
dimorphism of the genera Berriasella Uhlig, 1905, Elenaella Nikolov, 1966, Pseudoneocomites 
Hoedemaeker, 1981 and Delphinella Le Hégarat, 1971 is to be found in Appendix 4. It has been 
suggested that the genus Busnardoiceras is the basal form from which the other Neocomitidae 
were derived. 
 
Finally, a conservative use of the Olcostephanidae binomen Proniceras pronum (Oppel in 
Zittel, 1868) is here followed, since no modern revision of the Spiticeratinae Spath, 1924, based 
on well-provenanced collections (with regard to horizon), has been yet undertaken (Appendix 
4, p.49).  
 
 3.1.2. Biostratigraphy 
Three zones were distinguished (Appendix 1): the M. microcanthum, P. andreaei and B. jacobi 
zones. 
 
The M. microcanthum Zone (pro parte): The first results suggested a partition of the zone, with 
the establishment of a M. fischeri Subzone at its top, with its base at bed 66. This was used as 
a replacement for the P. transitorius Zone sensu Olóriz & Tavera (1979a) as already suggested 
by Cecca et al. (1989a-b) in South East France, and by Benzaggagh & Atrops (1997) in 
Morocco. The last occurrence of the genus Moravisphinctes is located below the top of the 
calpionellid C. intermedia Subzone. These results are in disagreement with findings from 
Morocco (Benzaggagh & Atrops, 1997), where Moravisphinctes spp. last occur in the T. 
remanei Subzone. Recognition of a fauna indicating the base of M. microcanthum Zone (i.e. 
the Simplisphinctes Subzone sensu Tavera, 1985) has not been possible. The upper boundary 
of the M. microcanthum Zone is fixed at the FAD of P. andreaei (bed 79) that characterizes the 
next ammonite zone. 
  
The P. andreaei Zone: The P. andreaei Zone was introduced as a replacement for the much-
Durangites , because 'Mediterranean Durangites' either 
belong to P. andreaei or to B. chouetense. In its first appearances within the C. intermedia 
Subzone, specimens of P. andreaei are few in number, and its acme is seen in beds 83 to 85; a 
similar pattern of distribution to that which has been observed in Spain (Olóriz & Tavera, 1989).  
 
The B. jacobi Zone auctorum (pro parte):  
one third of the way up the calpionellid C. colomi Subzone and corresponds to the E. cularense 
biohorizon sensu Tavera et al. (1994). This biohorizon matches beds 90 and 91 at Le Chouet. 
Though the index species had not been recognized, Wimbledon et al. (2013) (Appendix 1) 
maintained the use of a Berriasella jacobi Subzone for stability of stratigraphic nomenclature. 
Following Hoedemaeker & Bulot (1990), Bulot et al. (2014) (Appendix 2) and Frau et al. (2015, 
submitted) (Appendices 3, 4) subsequently retained a B. jacobi Zone auctorum. In any case, the 
base of the B. jacobi Zone auctorum at Le Chouet (bed 90) does not correspond to the base of 
the calpionellid Calpionella Zone (bed 100), becasue it falls within the lower part of the C. 
colomi Subzone of the Crassicollaria Zone. 
 
3.2. Charens section 
 3.2.1. Distribution and systematics 
For the time being, only the late Tithonian Himalayitidae and Neocomitidae from Charens have 
been studied in detail (Appendix 5). Two ammonite assemblages have been recognized; these 
are from oldest to youngest (Fig. 3.2): 
 - an assemblage dominated by M. microcanthum; 
 - an assemblage dominated by P. andreaei and B. busnardoi. 
 
From a comparative ontogenetic and biometric study, M. microcanthum exhibits a wide range 
of variation that lies sexual dimorphism and non-sexual polymorphism (Appendix 5, fig. 2, 3, 
4). Heterochronic shifts in development occurred in microconchs, whereas macroconchs range 
between two extreme morphological poles, related to Buckman's law of covariation. As was 
discussed in Appendix 5, P. andreaei was derived from M. microcanthum at the top of the M. 
microcanthum Zone, by changes in shell shape and the strength of the ornamentation. 
Regarding the Neocomitidae, only B. busnardoi is reported at Charens, but its vertical range is 
identical to that documented at Le Chouet (Appendix 5). New palaeontological evidence 
suggests that B. busnardoi was derived from P. andreaei, by peramorphic change and 
modifications of the whorl shape and ornamentation.  
 
3.2.2. Biostratigraphy 
Two zones were recognized (Appendix 5): 
 The M. microcanthum Zone: The lower boundary of this zone was fixed at the FAD of 
its index species (bed 25), falling within the upper part of the Chitinoidella Zone: thus 
confirming similar results achieved in Spain (Pruner et al., 2010) and Morocco (Benzaggagh et 
al., 2010).  
 The P. andreaei Zone: The vertical ranges of the age-diagnostic species P. andreaei, as 
well as the associated faunal assemblage (Protacanthodiscus, Boughdiriella and 
Pratumidiscus), are rather similar to those described at Le Chouet.  
 
  
Figure 3.2. Vertical range of 
Perisphinctoidea taxa from Charens 
(Drôme, France) and preliminary 
integrated biostratigraphy. Dashed line 
indicates the approximate lower boundary 
of the calpionellid Crassicollaria Zone 
(modified after Appendix 5). 
3.3. Les Combes section
 3.3.1. Distribution and systematics 
A comprehensive work on the Perisphinctoidea from Les Combes is still to be published, and 
only the ammonite distribution is provided in the systematic revision of the genus 
Strambergella (Appendix 6). Three ammonite assemblages are recognized (Appendix 6), from 
oldest to youngest (Fig. 3.4): 
 - an assemblage dominated by the group of D. delphinense; 
 - an assemblage dominated by the group of P. lorioli together with Retowskiceras 
andrussowi (Retowksi, 1893) and Hegaratella paramacilenta (Mazenot, 1939); 
 - an assemblage dominated by Strambergella carpathica (Oppel in Zittel, 1868) and 
Strambergella jacobi (Mazenot, 1939). 
  
Above, the succession is poorly fossiliferous and it only contains a limited number of specimens 
referable to Tirnovella subalpina (Pictet, 1867) and D. ellenica (Nikolov, 1960).   
Based on historical material and newly collected specimens from Les Combes, the revision of 
the index-species Berriasella jacobi shows that this taxon is dimorphic and its features 
(umbilicus height, umbilical wall, ribbing style and aspect of the ventral area) do not compare 
well with those of the genus Berriasella, but match closely the morphological features of the 
genus Strambergella (see discussion in Appendix 6). The co-occurrence of the type species 
Strambergella carpathica and S. jacobi documented for the first time in the uppermost part of 
the B. jacobi Zone auctorum supports this view (Appendix 6, Fig. 4 and 5). Most records of S. 
jacobi from the Mediterran-Caucasian Subrealm are based on the misinterpretation of 
specimens that either belong to Pseudosubplanites, Pseudoneocomites, Berriasella or 
Delphinella, but true sporadic occurrences are documented in southern Spain, Italy, Bulgaria, 
Central Tunisia and Crimea (Appendix 6). The records from Tibet, Madagascar and Chile are 
based on specimens that belong to Blandfordiceras or endemic Andean ammonites, which 
remain of uncertain taxonomic assignment.   
 
 Figure 3.4. Vertical range of 
Perisphinctoidea taxa from Les 
Combes (Drôme, France) and 
integrated biostratigraphy. Red 
line indicates the boundary 
between the lower and middle 
Berriasian in the sense of Le 
Hégarat (1973) (modified after 
Appendix 6). 
Pending the forthcoming paper on the systematics of the other taxa, significant results are given 
below: 
 -  The latest occurrence of the Himalayitidae P. progenitor is reported at the base of the 
Remaniella ferasini Subzone (Fig. 3.5A); 
 - Analysis of large Pseudosubplanites and Delphinella specimens shows that the species 
of these genera most likely represent a limited number of dimorphic taxa, which, respectively, 
are herein referred to the group of P. lorioli ( e.g. including P. grandis) and the group of D. 
delphinense (Fig. 3.5G, H). 
 - Examination of the type specimens and our collection of H. paramacilenta shows that 
their shells had no ventral groove. By its stratigraphic occurrence, it is clear that H. 
paramacilenta was derived from P. gr. lorioli by minor changes in the width of the umbilicus, 
and the density and pattern of the ribs (Fig. 3.5I, J). 
 - Typical specimens of the little-studied R. andrussowi are documented for the first time 
in South East France (Fig. 3.5K, L). The species originates from the lower part of the R. ferasini 
Subzone.  
- Examination of the type specimens of Malbosiceras nikolovi Le Hégarat, 1973 from Les 
Combes, supplemented by a new collection of topotypes, leaves no doubt that the species is 
dimorphic and belongs to Retowskiceras by its ontogenetic succession and the aspect of the 
ventral area (Fig. 3.5K-N). Palaeontological evidence (e.g. similar inner whorls, successive 
stratigraphic occurrence) support a lineage between R. andrussowi and R. nikolovi. 
 
 3.3.2. Biostratigraphy 
From the ammonite distribution given above, two zones were recognized: the B. jacobi and T. 
occitanica zones. 
  
The B. jacobi Zone auctorum (pro parte): By comparison with Le Chouet, the lowermost part 
of the B. jacobi Zone auctorum at Les Combes cannot be characterized, since it corresponds to 
a barren interval linked to the lithology. The first ammonite fauna, including D. gr. delphinense, 
is reported at the base of the calpionellid C. alpina Subzone that seems to be less thick than it 
is documented at Le Chouet. Interestingly, the age-diagnostic taxa P. gr. lorioli and S. jacobi 
show a limited stratigraphical range within the B. jacobi Zone auctorum. Their precise vertical 
range is for the first time compared to the calpionellid zonation, and this leads one to question 
their use as index-species, becasue they occur in the middle and upper parts of the R. ferasini 
Subzone.  
The T. occitanica Zone (pro parte): The index species T. subalpina marks the base of the middle 
Berriasian (e.g. T. subalpina Subzone sensu Le Hégarat 1973) in the current zonation.  
However, precise characterization of the T. subalpina Subzone cannot be undertaken since the 
succession is characterized by a quasi-barren interval. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.5 (next page). Selected undescribed Himalayitidae, Neocomitidae and 
Olcostephanidae from Les Combes (Drôme, France): Praedalmasiceras progenitor (Oppel in 
Zittel, 1868): (A) plaster cast of MPP-LCB.158 [m] (bed -25); Delphinella ellenica (Nikolov, 
1960): (B) MPP-LCB.290 [m] (bed 90) and (C) MPP-LCB.247 [m] (bed 96); Delphinella gr. 
delphinense (Kilian, 1889): (D) plaster cast of MPP-LCB.156 [m] (bed -25), (E) plaster cast of 
MPP-LCB.185 [m] (bed -25) and (F) MPP-LCB.188 [M] (bed -25); Pseudosubplanites gr. 
lorioli (Oppel in Zittel, 1868): (G) MPP-LCB.285 [M] (bed -6) and (H) MPP-LCB.220 [m] 
(bed -16); Hegaratella paramacilenta (Mazenot, 1939): (I) MPP-LCB.257 [M] (bed -7) and (J) 
MPP-LCB.233 [m] (bed -7); Retowskiceras andrussowi (Retowski, 1893): (K) MPP-LCB.143 
[M] (bed -25) and (L) MPP-LCB.274 [m] (bed -25); Retowskiceras nikolovi (Le Hégarat, 1973): 
(M) MPP-LCB.54 [M] (bed 7) and (N) MPP-LCB.297 [m] (bed 10); Tirnovella subalpina 
(Mazenot, 1939): (O) MPP-LCB.253 (bed 52); Proniceras pronum (Oppel in Zittel, 1868): (P) 
MPP-LCB.164 [?m] (bed -25), (Q) MPP-LCB.174 [?m] (bed -27) and (R) plaster cast of MPP-
LCB.287 [?m] (bed -33). Scale bar is 10 mm. Scale bar is 10 mm. All specimens are coated 
with ammonium chloride. 
 
Chapter 4 - Discussion
4.1. A refined integrated bio- and magnetostratigraphic scheme 
The sections of Charens, Le Chouet and Les Combes embody a continuous composite 
succession from the base of the upper Tithonian to the base of the middle Berriasian. Eight 
successive ammonite assemblages are documented. These are, from bottom to top (Fig. 4.1): 
 - An assemblage dominated by Micracanthoceras microcanthum; 
 - An assemblage dominated by Moravisphinctes fischeri; 
 - An assemblage dominated by Protacanthodiscus andreaei; 
 - An assemblage dominated by Elenaella cularense; 
 - An assemblage dominated by Praedalmasiceras progenitor; 
 - An assemblage dominated by Delphinella spp.; 
 - An assemblage dominated by Pseudosubplanites spp.; 
 - An assemblage dominated by Strambergella spp.; 
 - An assemblage dominated by the basal Tirnovella. 
 
The detailed analysis of the ammonite successions from the Charens, Le Chouet and Les 
Combes sections provides a sound basis for a refined interpretation for T/B boundary interval 
biostratigraphy (Fig. 4.1). The base of the upper Tithonian is fixed at the FAD of the index-
species Micracanthoceras microcanthum, which falls in the upper part of the Chitinoidella 
Zone. Durangites of a Durangites spp. 
Zone as part of the standard zonation for the upper Tithonian, and its replacement by the P. 
andreaei Zone that encompasses the middle part of the C. intermedia Subzone of the 
Crassicollaria Zone. The M. microcanthum and P. andreaei zones are defined as 
biochronozones and could be retained as workable units at the scale of the Mediterran-
Caucasian Subrealm. The E. cularense biohorizon that typifies the base of the B. jacobi Zone 
auctorum is documented for the first time in a basinal section, and it is confirmed that it is not 
synchronous with the Crassicollaria/Calpionella turnover. It is clear that Strambergella jacobi 
cannot be used as a primary marker for the T/B boundary, since the species has a limited range 
in the uppermost part of the B. jacobi Zone auctorum. Its range is restricted, for it occurs across 
the calpionellids C. ferasini and C. elliptica subzonal boundary. The systematic study of the 
ammonites from Les Combes is needed in order to clarify the ammonite biostratigraphy at the 
base of the Berriasian, and to provide an alternative to the B. jacobi Zone auctorum. 
 Figure 4.1. 
Comparison of the 
litho-, bio- and 
magnetostratigraphic 
scheme of the 
Charens, Le Chouet 
and Les Combes 
section.  
Red lines indicate the 
boundaries of the 
calpionellid zones. 
Vertical range of the 
eight ammonite 
assemblage discussed 
in the text are reported. 
The first occurrence of the index-species T. subalpina, marking the base of the middle 
Berriasian, is reported in the lower part of the C. elliptica Subzone of the Calpionella Zone. The 
T. subalpina Subzone is marked by a barren interval. 
 
For the time being, the comparison between ammonite and calpionellid zonations plotted 
against magnetozones has be only achieved at Le Chouet (Fig. 4.1). The boundary between the 
M. microcanthum Zone and P. andreaei zones falls in the lower part of the M19r. The lower 
boundary of the B. jacobi Zone auctorum matches the base of the M19n.2n. However, the 
grainstone-conglomerate-grainstone triplet (i.e. beds 86 to 88) that coincides with the base of 
the B. jacobi Zone auctorum perhaps indicates some hiatus (see discussion in Appendix 1).  
A comparison between the synthetic integrated biostratigraphic scheme of the Berriasian 
Working Group (Wimbledon et al., 2011) and the refined one proposed in this thesis is given 
below (Fig. 4.2).  
 
 
4.2. Comparison between the original integrated bio- and magnetostratigraphic scheme of the 
Berriasian Working Group and the refined one proposed in this thesis for South East France. 
Abbreviations indicate: Micr. = M. microcanthum Zone, Andr. = P. andreaei Zone, p.p. = pro 
parte. Calibration is based on the reversed magnetozone M19r. 
4.2. Ammonite faunal turnover at T/B boundary, if any?
The age-old controversial debate of the J/K boundary has been traditionally explained as the 
result of stratigraphic difficulties caused by the lack of faunal turnover across the T/B boundary 
interval. The question of ammonite faunal turnovers at that time was first addressed by Tavera 
(1985) and Tavera et al. (1986) based on a large dataset from the Betic Cordillera. Those authors 
pointed out that the ammonite faunas experienced four main phases of 'renovation' between the 
base of the upper Tithonian and the base of the Valanginian: 
 - The first ammonite 'renovation' occurs in the uppermost lower Tithonian, marked by 
the first occurrence of Simoceratidae and basal Himalayitidae together with the last 
Lithacoceratinae (sensu Tavera 1985). They are progressively replaced by the first ornamented 
Himalayitidae in the lowermost upper Tithonian. 
 - The second 'renovation' comes in the P. andreaei Zone (e.g. Durangites Zone sensu 
Tavera, 1985) where the ammonite assemblage is dominated by Protacanthodiscus together 
with the last Paraulacosphinctinae (sensu Tavera 1985) (Moravisphinctes, 
Paraulacosphinctes), Aspidoceratidae and Physodoceratinae. The Olcostephanidae become a 
common element, while the first Neocomitidae appeared. 
 - The third phase of 'renovation' occurs at the base of the B jacobi Zone auctorum where 
Ataxioceratidae disappear, the Himalayitidae are only represented by Praedalmasiceras, and 
Neocomitidae and Olcostephanidae flourished as the more significant components. 
 - A gradual renewal is detected from the middle to upper Berriasian and the 
Berriasian/Valanginian boundary record the last 'renovation' marked by a significant faunal 
turnover at the generic level within the Neocomitidae and Olcostephanidae. 
 
A compilation of the systematic and biostratigraphic data obtained from South East France, 
plotted next to the ammonite and calpionellid zonations support the chart of total ranges 
established for each genus (Fig. 4.3). Four phases of faunal change and two pinpoint events are 
identifiable in the ammonite compositions. Their significance is discussed below, with respect 
particularly to the 'renovations' recognized in southern Spain: 
 - The first phase of faunal change (R1 in Fig. 4.3) is characterized by the emergence of 
the Himalayitidae Micracanthoceras that dominates the lower part of the upper Tithonian. At 
that time, the ammonite assemblage was poorly-diversified. This fauna matches the first 
'renovation' in the sense of Tavera et al. (1986). The genus Micracanthoceras is largely 
distributed across the Mediterran-Caucasian Subrealm (Appendix 5) and its phyletic origin still 
remains unclear in the literature. 
 - The second phase of faunal change (R2 in Fig. 4.3) occurs at the base of the P. andreaei 
Zone and corresponds to the second phase of 'renovation' sensu Tavera et al. (1986). At the 
genus level, it is characterized by the FAD of Protacanthodiscus - evolved from 
Micracanthoceras. This is a widespread bio-event across the Mediterran-Caucasian Subrealm 
and it provides an obvious biostratigraphic datum. This phase is also marked by the emergence 
of the Olcostephanidae Proniceras that will persist successfully up into the B. jacobi Zone 
auctorum. This interval also records the sporadic occurrence of the Himalayitidae Toucasiella 
and the Neocomitidae Pseudargentiniceras. 
 - Two successive steps characterize the third renovation. The first step (R3a in Fig. 4.3) 
corresponds to an adaptative radiation of the Himalayitidae, marked by in situ appearance of 
Boughdiriella, Ardesciella and Pratumidiscus evolving from Protacanthodiscus. This step is 
also marked by the massive appearance of Busnardoiceras, the first true Neocomitidae, which 
also evolved from Protacanthodiscus at the top of the P. andreaei Zone. This phyletic link 
strongly questions the validity of the Neocomitidae from a cladistic point of view. 
The second step (E. cularense biohorizon; R3b in Fig. 4.3) was marked by the complete 
extinction affecting the Ataxioceratidae and Himalayitinae, but the Dalmasiceratinae appeared 
and dominated the assemblage in the lowermost part of the B. jacobi Zone auctorum. This phase 
also records an episode of speciation of the Neocomitidae, reflected the co-occurrence of 
Elenaella, Berriasella and Pseudoneocomites that probably evolved from Busnardoiceras. The 
second step thus corresponds to a fairly complex turnover that affected almost all taxonomic 
categories - subfamilies, genera and species. This event corresponds to the third phase of 
'renovation' sensu Tavera et al. (1986). 
 - The fourth renovation (R4 in Fig. 4.3) also corresponds to a complex turnover, this 
time linked to the establishment of a rhythmic marlstone-limestone sedimentation. At the local 
scale, the extinction of two genera (Praedalmasiceras and Pseudoneocomites) is balanced by 
the appearance of three Neocomitidae (Pseudosubplanites, Hegaratella and Retowskiceras). 
This phase is also marked by the collapse of Delphinella. As it was suggested above, this 
renovation is not documented at Puerto Escaño because this interval probably corresponds to a 
hiatus. 
 
 
Figure 4.3. Stratophenetic analysis of the Perisphinctoidea from the Tithonian/Berriasian 
boundary interval in South East France with integrated biostratigraphy. 
  - The base of the middle Berriasian is marked by a period of collapse in the diversity 
and abundance of ammonites even though no sharp lithological contrasts affect the lithological 
succession (Barren interval in Fig. 4.3). Three Neocomitidae (Berriasella, Delphinella and 
Tirnovella) as well as two subfamilies (Dalmasiceratinae and Spiticeratinae) are known to re-
appear above this barren interval (Le Hégarat, 1973). This gap in the ammonite record 
exemplifies well the concept of "ghost lineage", but the taxonomy of the corresponding lineages 
needs urgent revision. A critical review of the published Mediterran-Caucasian sections clearly 
points to the fact that none shows a continuous palaeontological record for that time interval. 
In this regard, this apparent faunal turnover was repeatedly proposed as an alternative for the 
base of the Berriasian by Hoedemaeker (1979, 1982, 1987) based on Spanish successions. 
However, this must be regarded with much caution since the ammonite low that apparently 
characterizes this interval in South East France and Spain may be due to a combination of 
collection failure, systematic misinterpretation and/or diagenetic problems that only affect 
ammonite shells.  
Beyond the main features of the evolution of the ammonite faunas described, two pinpoint 
events whose significance could be important for inter-regional correlations can be reported:  
 - The first one (E1 in Fig. 4.3) is observed between Phases 3 and 4, at the base of the 
Calpionella Zone. It is characterized by the emergence of the Neocomitidae Delphinella whose 
stratigraphical range is restricted. The genus probably evolved from Berriasella and it has been 
recorded from numerous settings of the Mediterran-Caucasian Subrealm, from Tunisia to 
Crimea.  However, the content, variability and dimorphism of Delphinella remain unclear as 
no taxonomic revision has yet been undertaken, and the genus has often been confused with 
other Neocomitidae. Its revision would strengthen its use as an age-diagnostic taxon (see 
discussion in Reboulet et al., 2014) even more, as its FAD is almost co-eval with the bloom of 
Calpionella alpina. 
- The second event (E2 in Fig. 4.3) is situated at the boundary between the C. ferasini and 
C. elliptica subzones. It is characterized by a diversification of the Neocomitidae 
Strambergella, whose vertical range is also restricted and ends with the ammonite barren 
interval in the lowermost middle Berriasian. The origin of the lineage S. carpathica and S. 
jacobi remains unclear. At a larger scale, data in the literature hardly allows one to document 
with certainty the second pinpoint event in other Mediterran-Caucasian settings, where we are 
lacking sufficiently detailed successions that allow recognition of this adaptative radiation. 
Nevertheless, available data support its occurrence in the uppermost part of the B. jacobi Zone 
auctorum in, for instance, southern Spain, Italy, Bulgaria, Central Tunisia and Crimea. 
 
In summary, the phases of faunal changes recognized in South East France are synchronous 
with those documented in southern Spain. These faunal changes probably also occurred in other 
Mediterran-Caucasian regions, but there is a lack of integrated biostratigraphic-
sedimentological data for many reference areas. In any case, it is clear that none of these faunal 
renovations is abrupt, and they can be compared with the major turnovers that characterize other 
stages of the Mesozoic. Moreover, the evolution of Perisphinctoidea from the base of the upper 
Tithonian to the base of the middle Berriasian was a gradual, small-scale process that mostly 
affected specific and generic levels.  
 
4.3. New insights into ammonite palaeobiogeography at the T/B boundary 
As was mentioned at the opening of this thesis, T/B boundary ammonites demonstrate the 
highest provincialism of the Mesozoic, due to the complete separation of Boreal and Tethyan 
regions. Provincialism is also marked within the Tethyan Realm where Mediterran-Caucasian 
and Indo-Pacific subrealms are distinguished by Westermann (2000a-b). But several authors 
have repeatedly assumed that diverse Himalayitidae (Micracanthoceras, Protacanthodiscus, 
Durangites, Himalayites, Tithopeltoceras), Neocomitidae (Berriasella, Delphinella, 
Subthurmannia, Hegaratella) and Olcostephanidae (Proniceras, Spiticeras) genera were more 
widely distributed, and that this allows long-distance correlation (e.g. Boughdiri, 1994; Bardhan 
et al., 2007; Cantu-Chapa, 2012). From the taxonomic revision of certain of the taxa listed 
above (Appendices 2, 3, 4, 5, 6), I assume that the provincialism of the Tethyan ammonites is 
much higher than has been previously assumed in the literature, and that homeomorphy has led 
to erroneous taxonomic interpretations (Appendix 7). New, challenging results are synthesized 
below.  
 
 4.3.1. Faunal pattern of the Mediterran-Caucasian Province 
Cecca (1999) and Cecca et al. (2005) made a distinction in the lower Tithonian between 
mediterranean sensu stricto and sub-mediterranean assemblages in the Mediterran-Caucasian 
Subrealm, since more diverse and homogenous faunas are to be found at its southern margin. 
Those authors stated that this faunal divergence is not relevant in the T/B boundary interval, 
but thus far no quantitative work on this has been undertaken. From the revised synonymies, 
the precise distribution of the studied Perisphinctoidea can be drawn across the Mediterran-
Caucasian Subrealm. I can thus present a quantitative analysis based on the abundance of 
species (Fig. 4.4) and specimens (Fig. 4.5) for five intervals between the base of the upper 
Tithonian and the base of the middle Berriasian from the three Drômois sections.  
Diagrams of abundance of specimens and species show that widespread Mediterran-Caucasian 
taxa (e.g. Micracanthoceras microcanthum, Protacanthodiscus andreaei, Praedalmasiceras 
progenitor, Berriasella gr. oppeli-moreti) dominate the assemblages throughout the 
corresponding interval. A limited increase of mediterranean taxa (e.g. Protacanthodiscus 
hexagonum, Elenaella cularense, Toucasiella gerardi, Ardesciella rhodanica), as well as 
endemic taxa (e.g. Pratumidiscus elsae, Retowskiceras nikolovi) occur during a short time 
interval encompassing the top of the P. andreaei Zone and the lower part of the B. jacobi Zone 
auctorum. The increase of the mediterranean and endemic taxa is recorded in the most 
diversified and abundant assemblages that typify the P. andreaei Zone and the middle part of 
the B. jacobi Zone auctorum. Thus, only one short time interval records a limited faunal 
divergence. These results emphasize that assemblages from the M. microcanthum Zone to the 
base of the T. occitanica Zone are rather homogenous between the northern and southern 
margins of the Mediterranean, as well as the northern margin of Central Tethys (Crimea, 
northern Iran), that form the Mediterran-Caucasian Province in the sense of Cecca (1999) (see 
Fig. 4.6). Interestingly, ammonite assemblages from the eastern part (Caucasian and 
Transcaspian areas) of the Mediterran-Caucasian Subrealm show a marked faunal divergence 
during the mid and late Berriasian (Appendix 7 with references). Endemic forms such as 
Riasanites, Transcaspiites, Tauricoceras and Gechiceras flourished in the Trans-Caucasian 
areas and spread into the Polish Lowland and Russian Platform (i.e. southern part of the Boreal-
Atlantic Subrealm of the Boreal Realm sensu Westermann, 2000a-b). As a result, the T/B 
boundary interval could be regarded as a period of homogenization of Mediterran-Caucasian 
Perisphinctoidea between two intervals (i.e. lower Tithonian, and middle Berriasian) of marked 
faunal divergence.  
 
 
Figure 4.4. Diagram of abundance of specimens from five interval across the T/B boundary 
interval from the studied Drômois sections. Black line indicates the Crassicollaria/Calpionella 
turnover. 
 
 
Figure 4.5. Diagram of abundance of species from five interval across the T/B boundary interval 
from the studied Drômois sections. Black line indicates the Crassicollaria/Calpionella 
turnover. 
 
 4.3.2. Palaeobiogeographic boundaries of the Mediterran-Caucasian Province 
According to Cecca (1999) and Cecca et al. (2005), the ammonite assemblages were markedly 
impoverished in the east, from the centre of the Mediterran-Caucasian Subrealm to Central 
Tethys. However, these authors assumed that the ammonites from South Primoriye (Russian 
Far East) illustrated by Sey & Kalacheva (1999) are still of Mediterran-Caucasian affinities 
(Fig. 4.6). A re-examination of this fauna leaves no doubt that the specific and generic 
assignment should be re-considered because this fauna does not belong to Mediterran-
Caucasian Neocomitidae. According to Cecca (1999), wide areas of the northern margin of 
Central and Eastern Tethys have been destroyed during the Alpino-Himalayian orogenesis and 
no fauna has yet been reported from these regions. Therefore, the northeastern boundary of the 
Mediterran-Caucasian Province cannot be drawn accurately with the current state of 
knowledge, even if the boundary will be found in Trans-Caucasian areas. 
On the other hand, T/B boundary ammonites from the southeastern margin of the Central Tethys 
are known from southeastern Turkey and Kurdistan (Fig. 4.6). In southeastern Turkey, Enay et 
al. (1971) reported Perisphinctoidea of Mediterran-Caucasian affinities but, for the time being, 
no specimen has been yet illustrated and their age remains unclear. On the contrary, ammonites 
(e.g. Chigaroceras, Groebericeras) from Kurdistan illustrated by Spath (1950) and Howarth 
(1992) show strong affinities with those from the Indo-Pacific Province. As a result, the study 
of the ammonites from southwest Turkey is urgent, so as to fix the southeastern boundary of 
the Mediterran-Caucasian Province.  
 Numerous authors have previously assumed that Mediterran-Caucasian Himalayitidae 
(Micracanthoceras, Protacanthodiscus), Neocomitidae (Berriasella, Delphinella, 
Hegaratella), and Olcostephanidae (Proniceras) spread toward the Caribbean regions via the 
Hispanic corridor (sensu Westermann, 1984), and vice versa (e.g. Corongoceras, Durangites, 
Substeueroceras), during T/B boundary times (e.g. Imlay, 1942; Verma & Westermann, 1972; 
Cantu-Chapa, 1963, 1967, 1976; 
1990; Adatte et al., 1994 ). These authors have thus 
regarded the Caribbean, and its adjacent areas, as a subprovince of the Mediterran-Caucasian 
Province. Given the erroneous taxonomic interpretation documented in the present thesis (i.e. 
Appendices 2, 3, 5 and 6), the occurrence of Caribbean genera in the Mediterran-Caucasian 
Subrealm has to be ruled out. In this connection, previously stated that the 
proto-Atlantic connection was less of a migratory route during T/B boundary times. This is 
supported by the observations of Olóriz et al. (1999) who documented an increasing endemism 
of ammonites through the Tithonian and lowermost Berriasian in the Caribbean (e.g. 
Dickersonia; "Lytohoplites"), Gulf of Mexico (e.g. Durangites, Suarites, Acevedites, 
Wichmanniceras, "Kossmatia") and southern United States (e.g. "Blanfordiceras" gr. 
californicum) that form the Caribbean P  (Fig. 4.6).   
In our current stage of understanding, early Olcostephanidae (i.e. Spiticeratinae) are the only 
taxa which spread throughout the Tethyan Realm. They link the Mediterran-Caucasian and 
Indo-Pacific provinces, with populations reported from the Pacific coast of the USA, 
Madagascar and the shelf basins of South America and Antarctica (Appendix 7 with 
references). However, the subfamily Spiticeratinae has suffered from extreme taxonomic 
splitting, and a brief re-examination of the literature shows that homeomorphy has been 
overlooked (Appendix 4). Following Enay (2009), I consider that the relationships between the 
Spiticeratinae from the Mediterran-Caucasian Province and those from the Indo-Pacific are 
considerably more complex than previously thought, and that they are in need  a careful 
revision.  
 
 4.2.3. Conclusions on the palaeobiogeography 
As herein understood, the Mediterran-Caucasian and Caribbean provinces extend latitudinally 
from 30°N to a little above the equator, and they are sandwiched by the Boreal and the Indo-
Pacific provinces, respectively of high-latitudes (60°N to 30°N) and low-latitudes (60°S to 
15°S) (Fig. 4.6). Following Ross et al. (1992), albeit for different reasons, Central Tethys 
probably acted as a physical barrier, for ammonites of Mediterran-Caucasian affinities are 
restricted by a longitude 60°E. It could be argued that the Caribbean seaway to the West and 
the Hispanic corridor to the East also acted as physical barriers that enhanced endemicity of 
Caribbean Perisphinctoidea, following the late Tithonian lowering sea level (see Haq, 2014). 
Interestingly, calpionellids are now well-documented among the Caribbean regions (e.g. Olóriz 
et al., 2003; Cobiella-Reguera & Olóriz, 2009; López-Martínez et al., 2013, 2015) and Pacific 
margin of South America (e.g. Kietzmann et al., 2011, 2015; Vennari et al., 2013). As a matter 
of fact, the recognition of the Chitinoidella and Crassicollaria zones is still imprecise because 
of the scarcity and poor preservation of the microfaunas (e.g. Cantú-Chapa, 1989; Adatte et al., 
1994; López-Martínez et al., 2013, 2015), whereas the Calpionella Zone often records the first 
massive occurrence of richer microfacies (Adatte et al., 1996; 
2010). These results thus confirm that the influence of western Tethys on the Caribbean 
Province during the Crassicollaria Zone was sporadic, without a permanent connection and 
probably became effective after Calpionella Zone times (see discussion in Zell et al., 2015). On 
the contrary, the homogeneous faunal assemblages of the Indo-Pacific Province support an 
effective connection through the Indo-Austral seaway. This is still not reflected by the 
taxonomy and it corresponds to a "geographic bias" in the sense of Ifrim et al. (2015). Besides 
the lack of a revised taxonomy for the Caribbean and Indo-Pacific assemblages, which prevents 
a clear distinction between the two provinces, these preliminary results mainly indicate that the 
global distribution of Perisphinctoidea is marked by a progressive change from cosmopolitan 
to latitudinally-restricted distribution across the T/B boundary. The driving factors of such a 
distribution still remain poorly understood given the limited knowledge, whatever the province, 
of palaeoceanographic conditions and global sea temperatures in T/B boundary times.  
 
 
Figure 4.6. Palaeogeographic map of the T/B boundary interval (modified after Cecca, 1999). 
Acronyms indicate the Caribbean (C.P.), Mediterran-Caucasian (M-C.P.) and Indo-Pacific (I-
P.P.) provinces. Number indicate localities discussed in the text: 1= South East France (Study 
area), 2= Trans-Caucasian areas, 3= souwestern Turkey, 4= Kurdistan, 5= South Primorie. 
 
 
 
Chapter 5 - Conclusion
The present thesis focusses on the systematics and biostratigraphy of the Perisphinctoidea 
across the Tithonian/Berriasian boundary in three key, basinal sections of the Subalpine Basin 
(South East France). The palaeontological contributions fulfil the main aims of this thesis, these 
being the revision of the ammonite systematics and of the vertical ranges of taxa with high-
stratigraphic value, supporting the refinement of the ammonite zonation. All this is compared 
and allied to calpionellid bio-events and, partly, to the magnetozones. The revised integrated 
ammonite zonation is workable at the scale of the Mediterran-Caucasian Subrealm of the 
Tethyan Realm, and it provides a solid working base for the Berriasian Working Group.  
The provincialism of Tethyan Perisphinctoidea across the T/B boundary, at all systematic 
levels, is much higher than has been previously assumed in the literature and no major faunal 
turnover was documented in the Mediterran-Caucasian Subrealm. As a result, no ammonite 
species can be considered as a consistent candidate as a primary marker for the base of the 
Berriasian. Nevertheless, precise calibration of the ammonite scale with special respect to the 
'explosive' appearance of the calpionellid Calpionella alpina should be continued, as it 
corresponds to the most widespread bio-event in the Tethys. Preliminary results on the 
stratophenetic and palaeobiogeography of T/B boundary ammonites show that they can serve 
as a challenging model in many areas of macroevolutionary investigation.  However, a global 
revision of the taxonomy is required, and this could only be part of a long-term process.   
At the scale of the Subalpine Basin: 
 The revision of the Neocomitidae from Les Combes is still to be published. New 
investigations on the microfossil content and magnetostratigraphy are ongoing, and these will 
constrain the FAD of age-diagnostic taxa from the B. jacobi Zone auctorum; 
 Much attention must be paid to the break in the Neocomitidae assemblages that occurs 
from the base of the middle Berriasian. The sampling of new, continuous, ammonite-rich 
sections that span the lower/middle Berriasian boundary is essential.  
At the scale of the Tethyan Realm: 
 - A lack of integrated sedimentological-biostratigraphical analysis in many Mediterran-
Caucasian reference sections hampers high-resolution correlations. A revision based on 
abundant and well-localised ammonite faunas from Ukraine and Turkey is necessary; 
 - A systematic revision of the Caribbean Perisphinctoidea is urgently needed to question 
the faunal affinities the area has with the Mediterran-Caucasian and Indo-Pacific assemblages. 
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